the patients had had pathological fractures. All patients except one had a daily calcium intake of less than 50 mg daily, and a dietary vitamin D intake ofless than 50 IU daily. One patient was taking regular supplements of vitamin D. All had plasma urea and creatinine concentrations within the normal range for our laboratory. Seventeen age and sex matched healthy volunteers were also studied as controls. All controls had body weights within 10% of the average body weight appropriate for height (Geigy Scientific Tables).
Two recent reports have shown that osteopenia occurs in patients with anorexia nervosa'2: both described patients with vertebral collapse, but claimed that vitamin D deficiency did not contribute to the pathogenesis ofosteopenia. We also observed, in a separate study, that bone mineral index measured at distal radius was noticeably reduced in patients with anorexia nervosa. As some ofthe patients at our centre had low concentrations of 25 hydroxyvitamin D (25 OHD) we made a comprehensive investigation of the association between vitamin D and parathyroid hormone (PTH) in anorectic patients. We also investigated whether serum osteocalcin concentrations could be used as a marker ofosteoblastic activity in the bone. To our knowledge, this is the first comprehensive study of vitamin D, PTH, and osteocalcin state and bone density in anorexia nervosa.
Patients and methods Seventeen patients with anorexia nervosa, two male and 15 female, were included in this study. Their median age was 23 years (range 'onseca, D'Souza, Houlder, Thomas, Wakeling, Dandona precision of these assays have been described previously.78 Statistical analysis was carried out using the two tailed Mann-Whitney U test for non-parametric data as the data were not normally distributed. Results are expressed as medians and ranges.
Results
The median plasma calcium and magnesium concentrations and phosphate and alkaline phosphatase activities were similar to those in controls. None of the patients had calcium or phosphate values below normal.
The median serum concentration of 25 OHD in patients with anorexia nervosa (8 nmol/l) was significantly lower (p < 0.02) than that in healthy controls (38 nmol/l). Ninety five per cent confidence limits were less than 5-29 nmol/l in patients and 15-55 nmol/l in controls. Serum 1,25(OH)2D was low in two patients who also had an extremely low 25-OHD concentration. The median serum 1,25(OH)2D in the patients did not differ from those of controls. Serum PTH was raised in both these patients with low 25 OHD and 1,25(OH)2D. The median PTH concentration did not differ greatly between anorectics and controls.
The prevalence of subnormal (< 1-8 ng/ml) serum osteocalcin concentration (seven of 14) was greater than that in healthy controls (one of 17; p < 0.02). The median serum osteocalcin in the anorectic patients (1.4 ng/ml) was significantly lower than that in controls (4-2 ng/ml; p < 0-01). Ninety five per cent confidence limits were 0-6 5 ng/ml in patients and 1-8-7T4 ng/ml in controls.
Serum oestradiol concentrations in patients with anorexia nervosa were considerably lower than those in controls.
Discussion
The most important biochemical finding in our study was the significant decrease in osteocalcin concentrations in patients with anorexia nervosa, and this is of considerable interest. Osteocalcin is the major noncollagen protein in the organic matrix of the bone.6 As it is synthesised by the osteoblast, it reflects the secretory activity of this cell. tributing to osteoporosis has been described in the elderly.T he absence of secondary hyperparathyrodism in most anorectic patients is also commensurate with normal plasma concentrations of calcium and 1,25-DHCC. It is therefore noteworthy that the two patients with subnormal concentrations of 1,25(0H)2D and extremely low concentrations of 25 OHD had raised PTH concentrations. In a study on an inpatient geriatric population secondary hyperparathyroidism was observed only in those patients who had extremely low concentrations of both 25-OHD and 1,25(0H)2D.7 Osteocalcin concentrations in the geriatric population (largely female) were also low normal.7
In conclusion, although a large proportion of patients with anorexia nervosa in the United Kingdom have low concentrations of 25 OHD compared with those found in Asian vegetarians in this country, the concentrations of 1,25(0H)2D are normal in most. Those who have extremely low 25 OHD concentrations also have low 1,25(0H)2D concentrations and secondary hyperparathyroidism. This may contribute to the pathogenesis of osteopenia. Another mechanism underlying these patients' osteopenia is probably diminished osteoblastic activity, reflected in low osteocalcin concentrations. Whether osteocalcin concentrations and osteoblastic function can be stimulated with restoration of normal nutrition, regular menstrual cycles, or treatment with ovarian steroids remains to be seen. 
